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Description 
Techinicai Fieid 

[0001 ] This invention reiates to tine art of wireless com- 
munications, and more particuiariy, to wireless commu- 
nication systems using multiple antennas at the trans- 
mitter and multiple antennas at the receivers, so called 
multiple-input, multiple-output (Ml MO) systems. 

Background of the Invention 

[0002] It is well known in the art that multiple-input, 
multiple-output (MIMO) systems can achieve dramatical- 
ly improved capacity as compared to single antenna, i.e., 
single antenna to single antenna or multiple antenna to 
single antenna, systems. However, to achieve this im- 
provement, it is preferable that there be a rich scattering 
environments, so that the various signals reaching the 
multiple receive antennas be largely uncorrelated. If the 
signals have some degree of correlation, and such cor- 
relation is ignored, performance degrades and capacity 
is reduced. 

[0003] WO 98/09381 teaches a wireless communica- 
tion system that couples an adaptive array of antenna 
elements at a base station with an adaptive array of an- 
tenna elements at a subscriber unit. 

Summary of the Invention 

[0004] Methods and apparatus according to the inven- 
tion are as set out in the independent claims. Preferred 
forms are set out in the dependent claims. 
[0005] We have invented a way of developing signals 
in a MIMO system such that even in the face of some 
correlation so as to obtain the most performance and 
capacity that can be achieved with a channel of that level 
of correlation. In accordance with the principles of the 
invention, the signals transmitted from the various an- 
tennas are processed so as to improve the ability of the 
receiver to extract them from the received signal. More 
specifically the number of bit streams that is transmitted 
simultaneously is adjusted, e.g., reduced, depending on 
the level of correlation, while multiple versions of each 
bit stream, variously weighted, are transmitted simulta- 
neously. The variously weighted versions are combined 
to produced one combined weighted signal, a so-called 
"transmit vector", for each antenna. The receiver proc- 
esses the received signals in the same manner as it 
would have had all the signals reaching the receive an- 
tennas been uncorrelated. 

[0006] In one embodiment of the invention, the weight 
vectors are determined by the forward channel transmit- 
ter using the channel properties of the fonA/ard link which 
are made known to the transmitter of the fonward link by 
being transmitted from the receiver of the fonward link by 
thetransmitterofthe reverse link. Inanotherembodiment 
of the invention the weight vectors are determined by the 



fonward channel receiver using the channel properties of 
the fonward link and the determined weight vectors are 
made known to the transmitter of thefonward link by being 
transmitted from the receiver of the fonward link by the 
transmitter of the reverse link. 

[0007] The channel properties used to determine the 
weight vectors may include the channel response from 
the transmitter to the receiver and the covariance matrix 
of noise and interference measured at the receiver. 

Brief Description of the Drawing 

[0008] In the drawing: 

FIG. 1 shows an exemplary portion of a transmitter 
for developing signals to transmit in a MIMO system 
such that even in the face of some correlation the 
most performance and capacity that can be achieved 
with a channel of that level of correlation is obtained, 
in accordance with the principles of the invention; 
FIG. 2 shows an exemplary portion of a receiver for 
a MIMO system arranged in accordance with the 
principles of the invention; and 
FIG. 3 shows an exemplary process, in flow chart 
form, for developing signals to transmit in a MIMO 
system such that even in the face of some correlation 
the most performance and capacity that can be 
achieved with a channel of that level of correlation 
is obtained, in accordance with the principles of the 
invention; 

FIG. 4 shows another exemplary process, in flow 
chart form, for developing signals to transmit in a 
MIMO system such that even in the face of some 
correlation the most performance and capacity that 
can be achieved with a channel of that level of cor- 
relation is obtained, in accordance with the principles 
of the invention. 

Detailed Description 

[0009] It will be appreciated by those skilled in the art 
that the block diagrams herein represent conceptual 
views of illustrative circuitry embodying the principles of 
the invention. Similariy, it will be appreciated that any 
flow charts, flow diagrams, state transition diagrams, 
pseudocode, and the like represent various processes 
which may be substantially represented in computer 
readable medium and so executed by a computer or 
processor, whether or not such computer or processor 
is explicitly shown. 

[0010] The functions of the various elements shown in 
the FIGs., including functional blocks labeled as "proc- 
essors" may be provided through the use of dedicated 
hardware as well as hardware capable of executing soft- 
ware in association with appropriate software. When pro- 
vided by a processor, the functions may be provided by 
a single dedicated processor, by a single shared proc- 
essor, or by a plurality of individual processors, some of 
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which may be shared. Moreover, explicit use of the term 
"processor" or "controller" should not be construed to re- 
fer exclusively to hardware capable of executing soft- 
ware, and may implicitly include, without limitation, digital 
signal processor (DSP) hardware, read-only memory 
(ROM) for storing software, random access memory 
(RAM), and non-volatile storage. Other hardware, con- 
ventional and/orcustom, may also be included. Similarly, 
any switches shown in the FIGS, are conceptual only. 
Their function may be carried out through the operation 
of program logic, through dedicated logic, through the 
interaction of program control and dedicated logic, or 
even manually, the particulartechnique being selectable 
by the implementoras more specifically understood from 
the context. 

[0011] FIG. 1 shows an exemplary portion of a trans- 
mitter for developing signals to transmit in a MIMO sys- 
tem having a transmitter with N transmit antennas trans- 
mitting over a fon/vard channel to a receiver having L 
receiver antennas and a reverse channel for communi- 
cating from said receiver to said transmitter, such that 
even in the face of some correlation the most perform- 
ance and capacity that can be achieved with a channel 
of that level of correlation is obtained, in accordance with 
the principles of the invention. Shown in FIG. 1 are a) 
demultiplexer (demux) 1 01 ; b) antennasignal developers 
103, including antenna signal developers 103-1 through 
1 03-N; c) weight supplier 1 05; d) N antennas 1 07, includ- 
ing antennas 107-1 through 107-N; e) digital-to-analog 
converters (DAC) 115, including 115-1 through 115-N; 
and f) upconverters 1 1 7, including upconverters 1 1 7-1 
through 117-N. 

[0012] Demultiplexer 101 takes a data stream as an 

input and supplies as an output data substreams by sup- 
plying various bits from the input data stream to each of 
the data substreams. One data substream may be sup- 
plied by demultiplexer 101 to one of N outputs. However, 
when the number of uncorrelated signals that can be 
transmitted is reduced, the number of bit streams that 
are transmitted simultaneously is reduced to match the 
number of uncorrelated signals that can be transmitted. 
In such a case, the particular outputs utilized is at the 
discretion of the implementor. For example, only the first 
Y outputs, where Y is the number of uncorrelated signals 
that can be transmitted, are employed. 
[0013] Each data substream is supplied to a corre- 
sponding one of antenna signal developers 103. Each 
one of antenna signal developers 103 includes one of 
weight blocks 109-1 through 109-N and one of adders 
111-1 through 1 1 1-N. Within each of antenna signal de- 
velopers 1 03 the data substream is supplied to each of 
multipliers 1 1 3 within the one of weight blocks 1 09 there- 

[0014] Weight supplier 105 supplies weight values to 
each of multipliers 113. In one embodiment of the inven- 
tion weight supplier 1 05 actually develops the weight val- 
ues in response to information received via the reverse 
channel from the receiver (not shown). In another em- 



4 

bodiment of the invention the weight values are devel- 
oped in the receiver, then supplied via the reverse chan- 
nel to the transmitter, in which they are stored in weight 
supplier 1 05 until such time as they are required. A proc- 

5 ess for developing the weights in accordance with an 
aspect of the invention will be described hereinbelow. 
[0015] Eachof multipliers 1 13 multipliesthesubstream 
it receives by the weight it receives. The resulting product 
is supplied to a respective one of adders 111. More spe- 

10 cifically, the product supplied by the Rth multiplier of each 
weight block 109, where R is from 1 to N, is supplied to 
the Rth one of adders 111. For those multipliers that are 
not supplied with a substream, their output is insured to 
be zero (0), by any technique desired by the implementor. 

15 [0016] Each of adders 1 1 1 adds the signals input to it 
and supplies the resulting sum as an output to its asso- 
ciated respective one of DACs 1 1 5. Each of DACs 1 1 5 
takes the digital signal it receives from one of adders 1 1 1 
and converts it to an analog baseband signal. The analog 

20 baseband signal produced by each of DACs 1 1 5 is sup- 
plied to a respective one of upconverters 1 17, which up- 
converts the baseband analog signal to a radio frequency 
signal. The radio frequency signals produced by upcon- 
verters 1 17 are supplied to respective ones of antennas 

2S 1 07 for broadcast to a receiver. 

[0017] FIG. 2 shows an exemplary portion of a receiver 
for a MIMO system arranged in accordance with the prin- 
ciples of the invention. FIG. 2 shows a) L antennas 201 , 
including antennas 201-1 through 201 -L; b) downcon- 

30 verters 203, including downconverters 203-1 through 
203-L; c) analog-to-digital converters (ADCs) 205, in- 
cluding analog-to-digital converters 205-1 through 205- 
L; d) estimate interference covariance matrix and chan- 
nel response unit 207; e) optional weight calculator 209; 

35 and f) optional switch 21 1 . 

[0018] Each of antennas 201 receives radio signals 
and supplies an electrical version thereof to its respec- 
tive, associated one of downconverters 203. Each of 
downconverters 203 downconverts the signal it receives 

40 to baseband, and supplies the resulting baseband signal 
to its associated one of ADCs 205. Each of ADCs 205 
converts the baseband analog signal it received to a dig- 
ital representation and supplies the digital representation 
to estimate interference covariance matrix and channel 

45 response unit 207. 

[0019] Estimate interference covariance matrix and 
channel response unit 207 develops an estimate of the 
interference covariance matrix and an estimate of the 
forward matrix channel response in the conventional 

50 manner. Note that matrices are required because there 
are multiple transmit antennas and multiple receive an- 

[0020] The estimate of the interference covariance 
matrix and an estimate of the fonward matrix channel re- 
55 sponse are supplied either to optional weight calculator 
209 or they are supplied for via the reverse channel to 
the transmitter (FIG. 1). If the estimate of the interference 
covariance matrix and an estimate of the fonward matrix 
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channel response is supplied to weight calculator 209, 
weight calculator determines the weight values that are 
to be used, in accordance with an aspect of the invention 
and as described hereinbelow, and supplies the resulting 
weight values to the transmitter (FIG. 1 ) via the reverse 5 
channel. 

[0021] FIG. 3 shows an exemplary process, in flow 
chart form, for developing signals to transmit in a MIIVIO 
system having a transmitter with N transmit antennas 
transmitting over a forward channel to a receiver having 'O 
L receiver antennas and a reverse channel for commu- 
nicating from said receiver to said transmitter, such that 
even in the face of some correlation the most perform- 
ance and capacity that can be achieved with a channel 
of that level of correlation is obtained, in accordance with '5 
the principles of the invention. The process of FIG. 3 may 
be employed in an embodiment of the invention that uses 
the hardware of FIGs. 1 and 2, with switch 21 1 being 
connected to estimate interference covariance matrix 
and channel response unit 207 and with a communication 20 
protocol as follows. First it is necessary to determine the 
length of time during which the channel characteristics 
are stable. This is typically performed at the system en- 
gineering phase of developing the system, using meas- 
urements of the environment into which the system is to 2S 
be deployed, as is well known by those of ordinary skill 
in the art. Once the length of time for which the channel 
characteristics are stable is known, that time is consid- 
ered as a frame, and the frame is divided into time slots. 
Each frame has a preamble, which may occupy one or 30 
more of the time slots. The frames, and accordingly the 
time slots, are repeating in nature. 
[0022] The process of FIG. 3 is entered in step 301 at 
the beginning of each frame. Next, in step 303, the inter- 
ference covariance matrix K}^ and channel response H 3S 
at the receiver are determined, e.g., in the receiverof the 
forward link, such as in interference covariance matrix 
and channel response unit 207 (FIG. 2). Thereafter, in 
step 305, (FIG. 3) interference covariance matrix K'^ and 
channel response matrix H are supplied by the receiver 40 
of the forward link to the transmitter of forward link, e.g., 
via the reverse channel. 

[0023] In step 307 weights Wj = [w,, are cal- 
culated, e.g., by weight supplier 105 (FIG. 1), where / is 
an integer ranging from 1 to N. More specifically, the 45 
weights are calculated as follows. First the matrix equa- 
tion H+(KM)H = UtA2U is solved, where: 

a) H is the channel response matrix; 

b) H+ is the conjugate transpose of channel response 50 
matrix H, f being the well known symbol for conju- 
gate transpose; 

c) K'^ is the interference covariance matrix; 

d) U is a unitary matrix, each column of which is an 
eigenvector of Ht (KN)H; 55 

e) A is a diagonal matrix defined as A = dlag(k^ 

X'^), where X.** are each eigenvalues of H+ 

(K '^)H, M being the maximum number of nonzero 
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eigenvalues, which corresponds to the number of 
substreams that actually can be used; and 
f) U+ is the conjugate transpose of matrix U. 

[0024] Then well known, so-called "waterfilling" is per- 
formed on the eigenvalues X by solving the simultaneous 

equations ^ - . .4.2 and k 
{A ) 

for V , where: 

k\s an integer index that ranges from 1 to M; 
P is the transmitted power; 

+ is an operator that returns zero (0) when its argu- 
ment is negative, and returns the argument itself 
when it is positive; and 

each X is an intermediate variable representative of 
a power for each weight vector. 

[0025] A new matrix O is defined as O = Ut diag 
{V,...X^) U, where diag indicates that the various X are 
arranged as the elements of the main diagonal of the 
matrix, all other entries being zero (0). Each column of 
matrix O is used as a normalized, i.e., based on unit pow- 
er, weight vector as indicated by O = [z^ Zf^] and the 

weight vectors are made up of individual weights z, z, = 

[Z|T,...,z,y^]. The weight vector w, =[w,i i/v,/^] is then 

determined by unnormalizing, based on the power to be 
assigned to the weight vector, the various weights there- 
in, being 'JJj Zjj , where j is an integer ranging fromi 
toN. 

[0026] In step 309 the input data stream, S(t) (FIG. 1 ), 
is divided into N substreams S.,...S|^, e.g., by demulti- 
plexer 1 01 . Each of the data streams is then multiplied 

by a respective one of weight vectors Wj^ Wjfj, in step 

31 1 (FIG. 3). In other words, each bit of each particular 
data stream is multiplied by each of the weights in its 
respective weight vector to produce N weighted bits for 
each data stream. 

[0027] In step 313 the weighted bits for each of the 
substreams is combined by each antenna adder, e.g., 
adders 1 1 1 . In this regard, the weighted bit produced for 
each substream from thefirst weight is added atthe adder 
of the first antenna, the weighted bit produced for each 
substream from the second weight is added at the adder 
of the second antenna, and so forth, as indicated in FIG. 
1 . As will be readily apparent from the foregoing, any 
substream greater in number than M will be zero, since 
M corresponds to the number of substreams that actually 
can be used. Such zero substreams do not contribute to 
the sum produced by adders 111. 
[0028] The process then exits in step 315. 
[0029] FIG. 4 shows another exemplary process, in 
flow chart form, for developing signals to transmit in a 
Ml MO system having a transmitter with N transmit an- 
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tennas transmitting over a fonward cliannei to a receiver 
liaving L receiver antennas and a reverse cliannei for 
communicating from said receiver to said transmitter, 
such that even in the face of some correlation the most 
performance and capacity that can be achieved with a 
channel of that level of correlation is obtained, in accord- 
ance with the principles of the invention. The process of 
FIG. 4 may be employed In an embodiment of the inven- 
tion that uses the hardware of FIGs. 1 and 2, with switch 
21 1 being connected to weight calculator 209 and with 
a communication protocol as described in connection 
with FIG. 3. Note that for the process of FIG. 4, weight 
supplier 105 of FIG. 1 will not compute the various 
weights, but will instead merely store the weights re- 
ceived from weight calculator 209 and supply them to the 
various ones of multipliers 113 as is necessary. 
[0030] The process of FIG. 4 is entered in step 401 at 
the beginning of each frame. Next, in step 403, the inter- 
ference covariance matrix and channel response H 
at the receiver are determined, e.g., in the receiverof the 
forward link, such as in interference covariance matrix 
and channel response unit 207 (FIG. 2). In step 405 
weights w, = [w,i,...w,fj,] are calculated, e.g., by weight 
supplier 105 (FIG. 1). More specifically, the weights are 
calculated as follows. 

[0031] First the matrix equation Ht(KN)H = UtA2U is 
solved, where: 

a) H is the channel response matrix; 

b) H+ is theconjugate transpose of channel response 
matrix H, t being the well known symbol for conju- 
gate transpose; 

c) K'^ is the interference covariance matrix; 

d) U is a unitary matrix, each column of which is an 

eigenvector of H+ {K^)H ; 

e) A is a diagonal matrix defined as A = diag(k^ 

XM), where X'^ are each eigenvalues of Ht (K^) 

H , M being the maximum number of nonzero eigen- 
values, which corresponds to the number of sub- 
streams that actually can be used; and 

f) U+ is the conjugate transpose of matrix U. 

[0032] Then well known, so-called "waterfilling" is per- 
formed on the eigenvalues X by solving the simultaneous 

equations = (^'~~~rr~7)* and ^ ~^>ior 
) k 

V, where: 

k is an integer index that ranges from 1 to M; 
P is the transmitted power; 

+ is an operator that returns zero (0) when its argu- 
ment is negative, and returns the argument itself 
when it is positive; and 

each X is an intermediate variable representative of 
a power for each weight vector. 



[0033] A new matrix O is defined as O = U+ diag(V 

A.'^) U , where diag indicates that the various X are ar- 
ranged as the elements of the main diagonal of the matrix, 
all other entries being zero (0). Each column of matrix O 

^ is used as a normalized, i.e., based on unit power, weight 
vector as indicated by 0=[z.| Z|y|] and the weight vec- 
tors are made up of individual weights z, Zj =/z,i,..., Zj^y / 
The weight vector = [w,i..., w,yv] is then determined by 

j(j unnormalizing, based on the powerto be assigned to the 
weight vector, the various weights therein being 

•JX^ , where j is an integer ranging from 1 to N. 

[0034] Thereafter, in step 407, the determined weight 
15 values are supplied by the receiver of the forward link to 
the transmitter of fonward link, e.g., via the reverse chan- 
nel. The weightsarestored in weight supplier 105 (FIG. 1) 
[0035] In step 409 (FIG. 4) the input data stream, S(t) 
(FIG. 1), is divided into N substreams S.,, ... S|v|, e.g., by 
20 demultiplexer 1 01 . Each of the data streams is then mul- 
tiplied by a respective one of weight vectors Wn^, 

in step 41 1 (FIG. 4), where i is an integer ranging from 
1 to N. In other words, each bit of each particular data 
stream is multiplied by each of the weights in its respec- 
25 tive weight vector to produce N weighted bits for each 
data stream. 

[0036] In step 413 the weighted bits for each of the 
substreams is combined by each antenna adder, e.g., 
adders 1 1 1 . In this regard, the weighted bit produced for 

30 each substream from thefirst weight is added attheadder 
of the first antenna, the weighted bit produced for each 
substream from the second weight is added at the adder 
of the second antenna, and so forth, as indicated in FIG. 
1 . As will be readily apparent from the foregoing, any 

35 substream greater in number than M will be zero, since 
M corresponds to the number of substreams that actually 
can be used. Such zero substreams do not contribute to 
the sum produced by adders 111. 
[0037] The process then exits in step 415. 

40 [0038] Inanotherembodimentoftheinvention, foruse 
with so-called "time division duplex" (TDD) systems, 
which share a single channel for both the fonward and 
reversechannels, the estimation of the channel response 
may be performed at either end of the wireless link. This 

45 is because since the fonvard and reverse channels share 
the same frequency channel, alternating between which 
is using the channel at any one time, then provided the 
time split between the forward and reverse channel is 
small, the channel response for the forward and reverse 

50 channels will be the same. Therefore, the receiver of the 
reverse channel will experience the same channel re- 
sponse as the receiver of the forward channel, and so 
the receiverof the reverse link can perform all the channel 
estimations that were previously performed by the re- 

55 celver of the fonward link. Likewise, the receiver of the 
fonward channel will experience the same channel re- 
sponse as the receiver of the reverse channel, and so 
the receiver of the fonward link can perform all the channel 
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estimations tliat were previously performed by the re- 
ceiver of the reverse link. 



1 . A method fortransmltting signals In communications 
system having a transmitter with N transmit anten- 
nas transmitting over a forward channel to a receiver 
having L receiver antennas and a reverse channel 
for communicating from said receiver to said trans- 
mitter, in which there may exist correlation in the sig- 
nals received by two or more of said L receive an- 
tennas, the method comprising the steps of: 

determining the number of Independent signals 
that can be transmitted from said N transmit an- 
tennas to said L receive antennas; 
creating, from a data stream, a data substream 
to be transmitted for each of the number of In- 
dependent signals that can be transmitted from 
said N transmit antennas to said receive anten- 
nas; 

the method being CHARACTERIZED by 
weighting each of said substreams with N weights, 
one weight for each of said N transmit antennas, said 
weights being determined by said transmitter as a 
function of channel Information and an interference 
covarlance matrix, to produce N weighted sub- 
streams per substream; 

combining one of said weighted substreams pro- 
duced from each of said substreams for each of said 
transmit antennas to produce a transmit signal for 
each of said transmit antennas. 

2. The method as defined in claim 1 further comprising 
the step of transmitting said transmit signal from a 
respective one of said antennas. 

3. The method as defined In claim 1 further comprising 
the step of receiving said weights via said reverse 
channel. 

4. The method as defined In claim 1 wherein said chan- 
nel Information and said Interference covarlance ma- 
trix are received by said transmitter from said receiv- 
er via said rever channel 

5. The method as defined in claim 1 wherein said 
weights are determined by 

solving a matrix equation Ht(KN)H = UtA 2u where: 

H is a channel response matrix, 

H+ is a conj ugate transpose of said channel 

response matrix H, 

is the interference covarlance matrix, 
U Is a unitary matrix, each column of which Is 



an eigenvector of Ht(K'*>')H, 

A is adiagonal matrixdefined as A= diag (k^ 

^M), where are each eigenvalues of H+ 

(KN)H, M being the maximum number of nonze- 
ro eigenvalues, which corresponds to the 
number of said Independent signals, and 
U+ Is the conjugate transpose of matrix U; 
waterfilling said eigenvalues X by solving the si- 
multaneous equations 



W)* and y X'=P, 



V, where: 

/risan Integer Index that ranges from 1 to M, 
P Is the transmitted power, 
+ Is an operator that returns zero 0 when Its 
argument Is negative, and returns the argu- 
ment Itself when it is positive, and 
each X Is an intermediate variable repre- 
sentative of a power for each weight vector; 

defining matrix <1> as O = U"t"d;ag(X'' X^)\J, 

where diag Indicates that the various X are ar- 
ranged as the elements of the main diagonal of 



wherein each column of matrix <1) Is used as a nor- 
malized weight vector Indicated by <1) = [z^ z^] and 

said normalized weight vectors are made up of indi- 
vidual normalized weights z, z, = z,yy], where 
its an Integer ranging from 1 to N; 
developing an unnormallzed weight vector w, = 
[w,f vf/jy,], with each ofsaldwelghtstherein being 



where j Is an Integer ranging from 1 to N. 



Apparatus for transmitting signals In communica- 
tions system having a transmitter with N transmit an- 
tennas (1 07) transmitting over a fonward channel to 
a receiver having L receiver antennas (201) and a 
reverse channel for communicating from said to said 
transmitter. In which there may exist correlation In 
the signals received by two or more of said L receive 
antennas, the apparatus comprising: 

means for determining (105, 101) the number 
of independent signals that can be transmitted 
from said N transmit antennas to said L receive 
antennas; 

means for creating (101), from a data stream, a 
data substream to be transmitted for each of the 
number of Independent signals that can be 
transmitted from said N transmit antennas to 
said L receive antennas; 

said apparatus being CHARACTERIZED by 
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means for weighting (113) eacin of said substreams 
with N weights, one weight for each of said N transmit 
antennas, said weights being determined by said ap- 
paratus for transmitting signals as a function of in- 
formation about said fonward channel and an inter- 
ference covariance matrix, to produce N weighted 
substreams per substream; 
means for combining (111 ) one of said weighted sub- 
streams produced from each of said substreams for 
each of said antennas to produce a transmit signal 
for each antenna. 

7. The apparatus as defined in claim 6 wherein said 
transmitter comprises means for developing said 
weights (105). 

8. The apparatus as defined in claim 6 wherein said 
transmittercomprises means for storing said weights 
(105). 

9. The apparatus as defined in claim 6 wherein said 
receiver comprises means for developing said 
weights (209). 

10. A transmitter for transmitting signals in communica- 
tions system havingatransmitterwith Ntransmit an- 
tennas (107) transmitting over a fonward channel to 
a receiver having L receiver antennas and a reverse 
channel forcommunicatingfrom said receiverto said 
transmitter, in which there may exist correlation in 
the signals received by two or more of said L receive 
antennas (201), the transmitter comprising: 

a demultiplexer (101) for creating, from a data 
stream, a data substream to be transmitted for 
each of the number of independent signals that 
can be transmitted from said N transmit anten- 
nas to said L receive antennas; 

said transmitter being CHARACTERIZED by 
multipliers (113) for weighting each of said sub- 
streams with N weights, one weight for each of said 
N transmit antennas, wherein said weights are de- 
termined in said transmitter in response to an inter- 
ference covariance matrix estimate and an estimate 
of thefonward channel response between said trans- 
mitter and said receiver, to produce N weighted sub- 
streams per substream; and 
adders (1 1 1)forcombiningoneofsaidweighted sub- 
streams produced from each of said for each of said 
antennas to produce a transmit signal for each of 
said transmit antennas. 

1 1 . The transmitter as defined in claim 1 0 further com- 
prising a digital to analog converter (115) for con- 
verting each of said combined weighted substreams. 

12. The transmitter as defined in claim 10 further com- 



prising an upconverter (117) for converting to radio 
frequencies each of said analog-converted com- 
bined weighted substreams. 

13. The transmitter as defined in claim 10 wherein said 
interference covariance matrix estimate and said es- 
timate of the forward channel response are received 
by said transmitter from said receiver over said re- 
verse channel. 

14. The transmitter as defined in claim 10 wherein said 
weights are determined in said receiver and are 
transmitted to said transmitter over said reverse 
channel. 

15. The transmitter as defined in claim 10 wherein said 
weights are determined by 

solving a matrix equation Ht(KN)H = UtX2U where: 

H is a channel response matrix, 
H+ is a conjugate transpose of said channel re- 
sponse matrix H, 

KN is the interference covariance matrix, 

U is a unitary matrix, each column of which is 

an eigenvector of H"t"(K'^)H, 

A is a diagonal matrix defined as A = diag(X\..., 

X,*^ , where are each eigen values of 

Ht(KN)H, M being the maximum number of 
nonzero eigenvalues, which corresponds to the 
number of said independent signals, and 
U+ is the conjugate transpose of matrix U; 
waterfilling said eigenvalues "K by solving the si- 
multaneous equations ~ l^~77tTr)'^ 



/flsan integer index that ranges from 1 to M, 
P is the transmitted power, 
+ is an operator that returns zero 0 when its 
argument is negative, and returns the argu- 
ment itself when it is positive, and 
each X, is an Intermediate variable repre- 
sentative of a power for each weight vector; 

defining matrix <1) as <!)= U+dlag(X'' X'^)U, 

where dlag indicates that the various X are ar- 
ranged as the elements of the main diagonal of 
matrix O; 

wherein each column of matrix 4> Is used as a nor- 
malized weight vector Indicated by 4> = [z^ Z;^] and 

said normalized weight vectors are made up of indi- 
vidual normalized weights z, Z; = [Zj^ Z//y/], where / 

Is an integer ranging from 1 to N; 

developing unnormallzed weight vector W| = (w,j 
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Wf/y] , with each of said weights therein being 
yfJJzy , where y is an integer ranging from 1 to N. 

1 6. The transmitter as defined in claim 1 0 wherein said 
transmitter and receiver communicate using time di- 
vision multiplexing TDD and said weights are deter- 
mined in said transmitter using an estimate of the 
fonward channel response that is determined by a 
receiver of said reverse link for said transmitter. 

17. A receiver for use in a Ml MO system, comprising: 

L antennas (201); 

L downconverters (203); and 

an estimator for determining an estimate of an 

interference covariance matrix for a forward 

channel being received by said receiver; 

said receiver being CHARACTERIZED by 

means for transmitting (211) information for use by 
a transmitter in weighting signals supplied to N trans- 
mit antennas of said transmitter, said information be- 
ing a function of said interference covariance matrix. 



18. The receiver as defined in claim 17, wherein said 
information is said interference covariance matrix. 



19. The receiver as defined in claim 17 further compris- 
ing an estimator (207) for determining an estimate 
of a channel response for a fonward channel being 
received by said receiver, wherein said information 
includes said estimate of a channel response for a 
fonward channel and said interference covariance 
matrix. 

20. The receiver as defined in claim 1 7 further compris- 
ing: 

an estimator (207) for determining an estimate 
of an interference covariance for a forward chan- 
nel being received by said receiver; and 
a weight calculator (209) for calculating weights 
for use by a transmitter of said fonward channel 
to transmit data substreams to said receiver as 
a function of said estimate of an interference 
covariance matrix for a fonvard channel being 
received by said receiver and said estimate of 
a channel response for a fon/vard channel being 
received by said receiver; 

wherein said information is said weights. 



21 . The receiver as defined in claim 20 wherein weights 
are determined in said weight calculator by 
solving a matrix equation H"f(K'^)H = U+A^U where: 



H is a channel response matrix, 
H+ is a conjugate transpose of said channel re- 
sponse matrix H, 

KN is the interference covariance matrix, 

U is a unitary matrix, each column of which is 

an eigenvector of Ht(K'^)H, 

A is a diagonal matrix defined as A = diag(V 

X'^), where X'^ are each eigenvalues of H+ 

(KN)H, M being the maximum number of nonze- 
ro eigenvalues, which corresponds to the 
number of said independent signals, and 
U+ is the conjugate transpose of matrix U; 
waterfilling said eigenvalues X by solving the si- 



multaneous equations X' 
and X f 



/fisan integer index that rangesfrom 1 to M, 
P is the transmitted power, 
+ is an operator that returns zero (0) when 
its argument is negative, and returns the ar- 
gument itself when it is positive, and 
each X, is an intermediate variable repre- 
sentative of a power for each weight vector; 

defining matrix <1) as <!)= U+ diag (K^,...X^) U, 
where diag indicates that the various X are ar- 
ranged as the elements of the main diagonal of 
matrix O; 

wherein each column of matrix O is used as a nor- 
malized weight vector indicated by O = [z^ z^j ] 

and said normalized weight vectors are made up of 

individual normalized weights z, z, =[z,i z,/^], 

where is an Integer ranging from 1 to N; 

developing unnormalized weight vector Wj =[w„ 

Wii^], with each of said Weights therein being 



'X'z.. , where y is an integer ranging from 1 to N. 



Patentanspruche 

1 . Verfahren zum Senden von Signalen in einem Kom- 
munikationssystem, das einen Sender mit N Sende- 
antennen hat, die iiber einen Vonwarts-Kanal an ei- 
nen Empfanger senden, der L Empfangsantennen 
hat, und einen Ruckkanal zur Kommunikation vom 
Empfanger zum Sender aufweist, wobei eine Korre- 
lation derSignalevorhandenseinkann, dievonzwei 
Oder mehreren der L Empfangsantennen empfan- 
gen werden, wobei das Verfahren folgende Schritte 
umfasst: 
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Feststellen der Anzahl unabhangiger Signale, 
die von den N Sendeantennen zu den L Emp- 
fangsantennen gesendet werden konnen; 
aus einem Datenstrom Erzeugen eines Unter- 
Datenstromes, derfiir jedes aus der Anzahl un- 5 
abhangiger Signale zu senden ist, das von den 
N Sendeantennen an die L Empfangsantennen 
gesendet werden kann; 

wobei das Verfahren GEKENNZEICHNET ist ?o 
durch: 

Gewichtung jedes der Unter-Datenstrome mit N 
Gewichten, ein Gewicht fur jede der N Sende- 
antennen, wobei die Gewichte von dem Sender 15 
als Funktion der Kanal-lnformation und einer 
Storungs-Kovarianzmatrix bestimmt werden, 
urn N gewichtete Unter-Datenstrome pro Unter- 
Datenstrom zu erzeugen; 

Kombinieren eines der gewichteten Unter-Da- 20 
tenstrome, der aus jedem der Unter-Datenstro- 
me fur jede der Sendeantennen erzeugt wird, 
um fCi r jede der Sendeantennen ein Sendesignal 
zu erzeugen. 

2. Verfahren, wie in Anspruch 1 definiert, das ferner 
den Sch ritt des Sendens des Sendesignals von einer 
entsprechenden der Antennen umfasst. 

3. Verfahren, wie in Anspruch 1 definiert, das ferner 30 
den Schritt des Empfangens der Gewichte uber den 
Ruckkanal umfasst. 

4. Verfahren, wie in Anspruch 1 definiert, wobei die Ka- 
nal-lnformation und die Storungs-Kovarianzmatrix 35 
durch den Sender vom Empfanger uber den Ruck- 
kanal empfangen werden. 

5. Verfahren, wie in Anspruch 1 definiert, wobei die Ge- 
wichte durch Losen einer Matrix-Gleichung H1"(K'^) 40 
H = U+A^U bestimmt werden, wobei: 

H eine Matrix des Kanal-Frequenzgangs ist, 
Ht die konjugierte transponierte Matrix der Ma- 
trix des Kanal-Frequenzgangs H ist, 45 
KM die Storungs-Kovarianzmatrix ist, 
U eine Einheitsmatrix ist, von der jede Spalte 
ein Eigenvektorvon H+ (K^") H ist, 
Aeine Diagonalmatrixist, dieals A = diag(;^'', 

X'^) definiert ist, wobei X'^ jeweils Eigen- so 

werte von H"!" (K'^)H sind, wobei M die maximale 
Anzahl von von Null verschiedenen Eigenwer- 
ten ist, die derAnzahlderunabhangigen Signale 
entspricht, und 

Ut die konjugierte transponierte Matrix der Ma- S5 
trix U ist; 

Fiillen ("Water-Filling") der Eigenwerte X durch 
Losen des Gleichungssystems 



^ =(^'-7^177)* und =P ' iur 

(.^ ) k 

V, wobei 

k ein ganzzahliger Index ist, der im Bereich von 
1 bis M liegt, 

P die gesendete Leistung ist, 
+ ein Operator ist, der Null 0 zuruckliefert, wenn 
sein Argument negativ ist und das Argument 
selbst zuruckliefert, wenn es positiv ist, und 
jedes X eine Zwischen-Variable ist, die eine Lei- 
stung fur jeden Gewichts-Vektor darstellt; 

Definieren der Matrix O als O = U+diag (V 

XM) u, wobei diag anzeigt, dass die verschie- 
denen X als Elemente der Hauptdiagonalen der 
Matrix <1) angeordnet sind; 

wobei jede Spalte der Matrix <I> als normierter Ge- 

wichtsvektor benutzt wird, der durch <1) = [Zi Zm] 

gekennzeichnet ist, und die normierten Gewichts- 
vektoren aus einzelnen normierten Gewichten z ge- 

bildet werden, Z| = [Zj., Z||^], wobei i eine ganze 

Zahl im Bereich von 1 bis N ist; 

Entwickein eines nicht normierten Gewichtsvektors 

W| = [W|i W|M], wobei jedes der Gewichte ■\[Jj^z.. 

ist, wobei j eine ganze Zahl im Bereich von 1 bis N ist. 

Vorrichtung zum Senden von Signalen in einem 
Kommunikatlonssystem, das einen Sender mit N 
Sendeantennen (1 07) hat, die uber einen Vorwarts- 
Kanal an einen Empfangersenden, der L Empfangs- 
antennen (201) hat, und einen Ruckkanal zur Kom- 
munikation vom Empfanger zum Sender aufweist, 
wobei eine Korrelation der Signale vorhanden sein 
kann, die von zwei oder mehreren der L Empfangs- 
antennen empfangen werden, wobei die Vorrichtung 
folgendes umfasst: 

Einrichtungen zum Feststellen (105, 101) der 
Anzahl unabhangiger Signale, die von den N 
Sendeantennen zu den L Empfangsantennen 

gesendet werden konnen; 
Einrichtungen, um aus einem Datenstrom einen 
Unter-Datenstrom zu erzeugen (101), derfur je- 
des aus der Anzahl unabhangiger Signale zu 
senden ist, das von den N Sendeantennen an 
die L Empfangsantennen gesendet werden 
kann; 

wobei die Vorrichtung GEKENNZEICHNET ist 
durch: 

Einrichtungen zur Gewichtung (1 13) jedes der 
Unter-Datenstrome mit N Gewichten, ein Ge- 
wicht fur jede der N Sendeantennen, wobei die 
Gewichte von der Vorrichtung zum Senden von 
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Signalen als Funktion der Information uber den 
Vonwarts-Kanal und einer Storungs-Kovarianz- 
matrix bestimmt werden, urn N gewichtete Un- 
ter-Datenstrome pro Unter-Datenstrom zu er- 
zeugen; 

Einrichtungen zum Kombinieren (111) eines der 
gewichteten Unter-Datenstrome, derausjedem 
der Unter-Datenstrome fur jede der Antennen 
erzeugt wird, um fur jede Antenne ein Sendesi- 
gnal zu erzeugen. 

7. Vorrichtung, wie in Ansprucli 6 definiert, wobei der 
Sender Einriclitungen zum Entwicl<elnderGewiciite 
(105) umfasst. 

8. Vorriclitung, wie in Ansprucii 6 definiert, wobei der 
Sender Einriolntungen zum Speicliern der Gewiclite 
(105) umfasst. 

9. Vorriclitung, wie in Anspruch 6 definiert, wobei der 
Empfanger Einriclitungen zum Entwickein der Ge- 
wichte (209) umfasst. 

10. Sender zum Senden von Signalen in einem Kom- 
munikationssystem, das einen Sender mit N Sende- 
antennen (107) hat, die uber einen Vonwarts-Kanal 
an einen Empfanger senden, der L Empfangsanten- 
nen hat, und einen Ruckkanal zur Kommunikation 
vom Empfanger zum Sender aufweist, wobei eine 
Korrelation der Signale vorhanden sein kann, die 
von zwei oder mehreren der L Empfangsantennen 
(201 ) empfangen werden, wobei der Senderfolgen- 
des umfasst: 

Einen Demultiplexer (101), um aus einem Da- 
tenstrom einen Unter-Datenstrom zu erzeugen, 
der fur jedes aus der Anzahl unabhangiger Si- 
gnale zu senden ist, das von den N Sendean- 
tennen an die L Empfangsantennen gesendet 
werden kann; 

wobei der Sender GEKENNZEICHNET ist durch: 

Multiplizierer (113) zur Gewichtung jedes der 
Unter-Datenstrome mit N Gewichten, ein Ge- 
wicht fur jede der N Sendeantennen, wobei die 
Gewichte von dem Senderals Reaktion auf eine 
Abschatzung einer Storungs-Kovarianzmatrix 
und einer Abschatzungdes Frequenzgangsdes 
Vorwarts-Kanals zwischen dem Sender und 
dem Empfanger bestimmt werden, um N ge- 
wichtete Unter-Datenstrome pro Unter-Daten- 
strom zu erzeugen; und 
Addierer (111) zum Kombinieren eines der ge- 
wichteten Unter-Datenstrome, der aus jedem 
der Unter-Datenstrome fur jede der Antennen 
erzeugt wird, um fur jede der Sendeantennen 
ein Sendesignal zu erzeugen. 



11. Sender, wie in Anspruch 10 definiert, der ferner ei- 
nen Digital-/Analog-Wandler(115) zur Wandlung je- 
des der kombinierten gewichteten Unter-Datenstro- 
me enthalt. 

5 

12. Sender, wie in Anspruch 10 definiert, der ferner ei- 
nen Aufwarts-Wandler (117) zur Umwandlung der 
Funkfrequenzen jedes der analog-gewandelten 
kombinierten gewichteten Unter-Datenstrome ent- 

10 halt. 

13. Sender, wie in Anspruch 10 definiert, wobei die Ab- 
schatzung der Storungs-Kovarianzmatrix und die 
Abschatzung des Frequenzgangs des Vorwarts-Ka- 

15 nals durch den Sender uber den Ruckkanal vom 
Empfanger empfangen werden. 

14. Sender, wie in Anspruch 10 definiert, wobei die Ge- 
wichte in dem Empfanger bestimmt und uber den 

20 Ruckkanal zum Sender gesendet werden. 

15. Sender, wie in Anspruch 10 definiert, wobei die Ge- 
wichte durch Losen einer Matrix-Gleichung H+(KN) 
H = U+A^U bestimmt werden, wobei: 

H eine iVlatrix des Kanal-Frequenzgangs ist, 
Ht die konjugierte transponierte Matrix der Ma- 
trix des Kanal-Frequenzgangs H ist, 
die Storungs-Kovarianzmatrix ist, 

30 u eine Einheitsmatrix ist, von der jede Spalte 

ein Eigenvektor von H+(K'^)H ist, 

A eine Diagonalmatrix ist, die als A = diag(X'' 

A,M) definiert ist, wobei V jeweils Eigen- 

werte von H+(K'^)H sind, wobei M die maximale 

35 Anzahl von von Null verschiedenen Eigenwer- 

ten ist, die der Anzahl derunabhangigen Signale 
entspricht, und 

Ut die konjugierte transponierte Matrix der Ma- 
trix U ist; 

40 Fiillen ("Water-Filling") der Eigenwerte X durch 

Losen des Gleichungssystems 

" " 7^^^' undY^' ' furv, 
) * 

45 wobei 

k ein ganzzahliger Index ist, der im Bereich von 
1 bis M liegt, 

P die gesendete Leistung ist, 

+ ein Operator ist, der Null 0 zuruckliefert, wenn 

50 sein Argument negativ ist und das Argument 
selbst zuruckliefert, wenn es positiv ist, und 
jedes X eine Zwischen-Variable ist, die eine Lei- 
stung fur jeden Gewichts-Vektor darstellt; 
Definieren der Matrix O als O = U+diag (V 

55 u, wobei diag anzeigt, dass die verschie- 

denen X als Elemente der Hauptdiagonalen der 
Matrix O angeordnet sind; 
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20 



wobei jede Spalte der Matrix O als normierter Ge- 

wichtsvektor benutzt wird, derdurch O = [z^ Z^] 

gekennzeichnet ist, und die normierten Gewichts- 
vel<toren aus einzelnen normierten Gewichten z ge- 

bildet werden, Z| = [Z|i Zj^], wobei i eine ganze 

Zahl im Bereich von 1 bis N ist; 

Entwickein eines nicht normierten Gewichtsvektors 

Wj = [Wji WjM], wobei jedes der Gewichte ^fXz|J 

ist, wobei j eine ganze Zahl im Bereich von 1 bis N ist. 

1 6. Sender, wie in Anspruch 1 0 definiert, wobei der Sen- 
der und der Empfanger unter Venwendung von Zeit- 
multiplex TDD miteinander kommunizieren und die 
Gewichte in dem Sender unter Venwendung einer 
Abschatzung des Frequenzgangs des Vonwarts-Ka- 
nals bestimmt werden, die von Empfangerdes Ruck- 
kanals fiir den Sender bestimmt wird. 

17. Empfanger zur Verwendung in einem IVIIIVIO-Sy- 

stem, umfassend: 

L Antennen (201); 
L Abwarts-Wandler (203); und 
einen Abschatzer zur Bestimmung einer Ab- 
schatzung einer Storungs-Kovarianzmatrix fiir 
einen Vonwarts-Kanal, der von dem Empfanger 
empfangen wird; 

wobei der Empfanger GEKENNZEICHNET ist 
durch: 

Einrichtungen zum Senden (211) von Informa- 
tionen zur Verwendung durch einen Sender bei 
der Gewichtung von Signalen, die an N Sende- 
antennen des Senders geliefert werden, wobei 
die Information eine Funktion der Storungs-Ko- 
varianzmatrix ist. 

18. Empfanger, wie in Anspruch 17 definiert, wobei die 
Information die Storungs-Kovarianzmatrix ist. 

19. Empfanger, wie in Anspruch 17 definiert, derferner 
einen Abschatzer (207) enthalt, um eine Abschat- 
zung eines Kanal-Frequenzgangs fiir einen Vor- 

warts-Kanal zu bestimmen, der von dem Empfanger 
empfangen wird, wobei die Information die Abschat- 
zung eines Kanal-Frequenzganges fur einen Vor- 
warts-Kanal und die Storungs-Kovarianzmatrix ent- 
halt. 

20. Empfanger, wie in Anspruch 17 definiert, derferner 
folgendes umfasst: 

einen Abschatzer (207) zur Bestimmung einer 
Abschatzung einer Storungs-Kovarianzmatrix 
fiir einen Vonwarts-Kanal, der von dem Empfan- 



ger empfangen wird; und 
einen Gewichts-Berechner (209) zur Berech- 
nung von Gewichten zur Venwendung durch ei- 
nen Sender des Vonwarts-Kanals zum Senden 

5 von Unter-Datenstromen an den Empfanger als 

Funktion der Abschatzung einer Storungs-Ko- 
varianzmatrix fur einen Vonwarts-Kanal, dervon 
dem Empfanger empfangen wird, und der Ab- 
schatzung eines Kanal-Frequenzgangs fiir ei- 

10 nen Vonwarts-Kanal, der von dem Empfanger 

empfangen wird; 

wobei die Informationen die Gewichte sind. 

15 21. Empfanger, wie in Anspruch 20 definiert, wobei die 
Gewichte in dem Gewichts-Berechner bestimmt 
werden durch 

Losen einer Matrix-Gleichung Ht(KN)H = UtA2U, 
wobei: 

20 

H eine Matrix des Kanal-Frequenzgangs ist, 
H+ die konjugierte transponierte Matrix der Ma- 
trix des Kanal-Frequenzgangs H ist, 
K'^ die Storungs-Kovarianzmatrix ist, 

25 U eine Einheitsmatrix ist, von der jede Spalte 

ein Eigenvektor von Ht(KN)H ist, 

A eine Diagonalmatrix Ist, die als A = diag(A,'' 

X^) definiert ist, wobei jeweils Eigen- 

werte von H+(K'^)H sind, wobei M die maximale 

30 Anzahl von von Null verschiedenen Eigenwer- 

ten ist, die der Anzahl der unabhangigen Signale 
entspricht, und 

Ut die konjugierte transponierte Matrix der Ma- 
trix U ist; 

35 Fiillen ("Water-Filling") der Eigenwerte X durch 

Losen des Gleichungssystems 

^* ^^'^'Tllrr)^ ""dX'^ =^'furv, 
) * 

''0 wobei 

k ein ganzzahliger Index ist, der im Bereich von 
1 bis M liegt, 

P die gesendete Leistung ist, 
+ ein Operator ist, der Null (0) zuruckliefert, 
^ wenn sein Argument negativ ist und das Argu- 

ment selbst zuruckliefert, wenn es positiv ist, 
und 

jedes X eine Zwischen- Variable ist, die eine Lei- 
stung fiir jeden Gewichts-Vektor darstellt; 

^ Definieren der Matrix * als O = U+diag (V 

X'W) u, wobei diag anzeigt, dass die verschie- 
denen X als Elemente der Hauptdiagonalen der 
Matrix O angeordnet sind; 

^ wobei jede Spalte der Matrix O als normierter Ge- 

wichtsvektor benutzt wird, der durch O = [z., Z|yj] 

gekennzeichnet ist, und die normierten Gewichts- 



11 



21 



EP 1 117 197 B1 



vektoren aus einzelnen normierten Gewichten z ge- 

bildet werden, Zj = [Zj^ Zj^], wobei i eine ganze 

Zahl im Bereich von 1 bis N ist; 

Entwickein eines nicht normierten Gewiclitsvektors 

Wj = [Wji Wj^], wobei jedes der Gewichte 

z- wobei j eine ganze Zahl im Bereich von 
1 bis N ist. 



Revendications 

1 . Precede destine a transmettre des signaux dans un 
systeme de communication ayant un emetteuravec 
N antennes de transmission transmettant par une 
voie aval vers un recepteur ayant L antennes de re- 
ception et une voie inverse pourcommuniquerdudit 
recepteur audit emetteur dans lequel 11 peut exister 
une correlation dans les signaux regus par au moins 
deux desdites L antennes de reception, le precede 
comprenant les etapes consistant a : 

determiner le nombre de signaux independants 
qui peuvent etre transmis desdites N antennes 
de transmission auxdites L antennes de 
reception ; 

creer, a partir d'un flot de donnees, un sous-flot 
de donnees destine a etre transmis pourchaque 
nombre de signaux independants qui peuvent 
etre transmis desdites N antennes de transmis- 
sion auxdites L antennes de reception: 

le precede etant CARACTERISE en ce que 

chacun desdits sous-flots est pondere avec N poids, 
un poids pour chacune desdites N antennes de 
transmission, lesdits poids etant determines parledit 
emetteur en fonction des informations de la voie et 
d'une matrlce de covariance d'interferences, pour 
produire N sous-flots ponderes pour chaque sous- 
flot ; 

combiner I'un desdits sous-flots ponderes produit a 
partir de chacun desdits sous-flots pour chacune 
desdites antennes de transmission pour produire un 
signal de transmission pour chacune desdites an- 
tennes de transmission. 

2. Precede selon la revendication 1 comprenant en 
outre I'etape consistant a transmettre ledit signal de 
transmission a partir de I'une desdites antennes res- 
pectives. 

3. Precede selon la revendication 1 comprenant en 
outre I'etape consistant a transmettre lesdits poids 
via ladite voie inverse. 

4. Precede selon la revendication 1 , dans lequel lesdi- 
tes informations de la voie et de ladite matrlce de 



covariance d'interferences sont regues par ledit 
emetteur dudit recepteur via ladite voie inverse. 

Precede selon la revendication 1 , dans lequel lesdits 
poids sent determines en reselvant une equation de 
matrlce t^(i^)H = 1/ K^U eu : 

H est une matrlce de reponse de la voie, 
H' est une transposee conjuguee de ladite ma- 
trice de reponse de la voie H, 

est la matrice de covariance d'interferences, 
U est une matrice unitaire, dent chaque colonne 
est un vecteur propre de H*(I<^)H, 
A est une matrice diagonale definie sous la for- 

meA=diag(X^ ,X'^, ou A.1 X^sont chacun 

des valeurs prepres l-f(K'^)H , M etant le nombre 
maximum de valeurs prepres differentes de ze- 
ro, qui correspond au nombre desdits signaux 
independants, et 

est la transposee conjuguee de la matrice U; 
repartissant lesdites valeurs propres X en fonc- 
tion d'un «niveau d'eau » en resolvant les equa- 
tions simultanees 



A" =(v 



-) et ' 



1^' 



k est un indice de nombre entier qui se situe 
dans la plage de 1 a M, 
P est la puissance transmise, 
+ est un operateur qui renvoie zero 0 quand 
son argument est negatif, et renvoie I'argu- 
ment lui-meme quand il est positif, et 
chaque X est une variable intermedial re re- 
presentative d'une puissance pour chaque 
vecteur de ponderation ; 

definissant la matrice <1) sous laforme <I> = Miag 
(V,..., X'^U, oil diag indique que les differents 
J. sont agences comme les elements de la dia- 
gonale principale de la matrice 4> ; 

dans lequel chaque colonne de la matrice 4> est uti- 
lisee comme un vecteur de ponderation normalise 
indique par O = [Z| z^] et lesdits vecteurs de pon- 
deration normalises sont constitues de differents 

poids normalises z, Z/=[Z/} z,/^, oil i est un nombre 

entier se situant dans la plage de 1 a N ; 
developper un vecteur de ponderation non normali- 
se Wi=[Wip..., Wif^, chacun desdits poids a I'interieur 
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etant Vx'z,, ou j est un nombre entier se situant 
dans la plage de 1 a N. 

6. Apparell destine a transmettre des signaux dans un 
systeme de communication ayant un emetteur avec 
N antennes de transmission (1 07) transmettant par 
une vole aval a un recepteur ayant L antennes de 
reception (201) et une vole Inverse pour communl- 
quer dudit recepteur audit emetteur, dans lequel II 
peut exister une Correlation dans les signaux regus 
parau molns deux desdites L antennes de reception, 
I'apparell comprenant : 

des moyens permettant de determiner (105, 
101) le nombre de signaux independants qui 
peuvent etre transmis desdites N antennes de 
transmission auxdites L antennes de reception ; 
des moyens permettant de creer (101), a partir 
d'un flot de donnees, un sous-flot de donnees 
destine a etre transmis pour chaque nombre de 
signaux Independants qui peuvent etre transmis 
desdites N antennes de transmission auxdites 
L antennes de reception ; 

ledit apparell etant CARACTERISE en ce que 

des moyens sont destines a ponderer (1 13) chacun 
desdits sous-flots avec N polds, un polds pour cha- 
cune desdites antennes de transmission, lesdits 
poids etant determines par ledit apparell destine a 
transmettre des signaux en fonction des informa- 
tions sur ladite voie aval et une matrice de covarian- 
ce d'interferences, pour produire N sous-flots pon- 
deres pour chaque sous-flot ; 
des moyens destines a combiner (111) I'un desdits 
sous-flots ponderes produits a partir de chacun des- 
dits sous-flots pour chacune desdites antennes pour 
produire un signal de transmission pour chaque an- 
tenne. 

7. Appareii seion ia revendlcatlon 6, dans lequel ledit 
emetteur comprend des moyens destines develop- 

per lesdits poids (105). 

8. Appareii seion ia revendlcatlon 6, dans lequel ledit 
emetteur comprend des moyens destines a stocker 
lesdits polds (105). 

9. Apparell seion la revendlcatlon 6, dans lequel ledit 
recepteur comprend des moyens destines develop- 
per lesdits polds (209). 

1 0. Emetteur destine a transmettre des signaux dans un 
systeme de communication ayant un emetteur avec 
N antennes de transmission (1 07) pour transmettre 
par une vole aval a un recepteur ayant L antennes 
de reception et une vole Inverse pour communlquer 



24 

dudIt recepteur audit emetteur, dans lequel il peut 
exister une correlation dans les signaux regus par 
au molns deux desdites L antennes de reception 
(201), I'emetteur comprenant : 

5 

un demultlplexeur (101) destine a creer, a partir 
d'un flot de donnees, un sous-flot de donnees 
destine a etre transmis pour chaque nombre de 
signaux Independants qui peuvent etre transmis 
10 desdites N antennes de transmission auxdites 

L antennes de reception ; 

ledit emetteur etant CARACTERISE en ce que 
des multlplicateurs (1 13) sont destines a ponderer 

15 chacun desdits sous-flots avec N polds, un polds 
pour chacune desdites N antennes de transmission, 
dans lequel lesdits polds sont determines dans ledit 
emetteur en reaction a une evaluation de matrice de 
covarlance d'interferences et une evaluation de la 

20 reponse de la vole aval entre ledit emetteur et ledit 
recepteur, pour produire N sous-flots ponderes pour 
chaque sous-flot ; et 

des addltlonneurs (111) destines a combiner I'un 
desdits sous-flots ponderes produits a partir de cha- 
25 cun desdits sous-flots pour chacune desdites anten- 
nes pour produire un signal de transmission pour 
chacune desdites antennes. 

11. Emetteur seion la revendlcatlon 10 comprenant en 
30 outre un convertlsseurnumerlque-analogique (115) 

destine a convertir chacun desdits sous-flots ponde- 
res combines. 

12. Emetteur seion la revendlcatlon 10 comprenant en 
35 outre un convertisseur a frequence ascendante 

(1 17) destine a convertir en frequences radioelectri- 
ques chacun desdits sous-flots ponderes combines 
convertis en sous-flots analogiques. 

40 13. Emetteur seion la revendication 10, dans lequel la- 
dite evaluation de la matrice de covariance d'inter- 
ferences et ladite evaluation de la reponse de la vole 
aval sont regues par ledit emetteur dudIt recepteur 
par ladite vole Inverse. 

45 

14. Emetteur seion la revendlcatlon 10, dans lequel les- 
dits polds sont determines dans ledit recepteur et 
sont transmis audit emetteur par ladite voie inverse. 

50 15. Emetteur seion la revendication 10, dans lequel les- 
dits poids sont determines en resoivant une equation 
de matrice H' (K^ )H = WAW ou 
H est une matrice de reponse de ia voie, 

est une transposee conjuguee de la matrice de 
reponse de ia voie H, 

est la matrice de covariance d'interferences, 
U est une matrice unltaire, dont chaque colonne est 
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un vecteur propre de H"'"(K'^)H, 
A est une matrice diagonale definie sous la forme A 
= diag(k*,....X'^, oil ... , X'^ sont chacun des va- 
leurs propres de rf(K'^)H, M etant le nombre maxi- 
mum de valeurs propres differentes de zero, qui cor- 
respond au nombre desdits signaux independents, 
et 

est la transposee conjuguee de la matrice U ; 
repartissant I'energie desdites valeurs propres X en 
fonction d'un « niveau d'eau » en resolvant les equa- 
tions simultanees ^ = ~ ^2 ^ et 



k est un indice de nombre entier qui se situe 
dans la plage de 1 a M, 
P est la puissance transmise, 
+ est un operateur qui renvoie zero 0 quand son 
argument est negatif, et renvoie I'argument lui- 
meme quand 11 est positif, et 
chaque J. est une variable intermediaire repre- 
sentative d'une puissance pour chaque vecteur 
de ponderation ; 

definissant la matrice <1) sous la forme <l>=t/ diag 
(X',..., J.'^U , oil diag indique que les differentsSisont 
agences comme les elements de la diagonale prin- 
cipale de la matrice <I>; 

dans lequel chaque colonne de la matrice est utilisee 
comme un vecteurde ponderation normalise indique 

par *= Z/y] et lesdits vecteurs de ponderation 

normalises sont constitues de differents poids nor- 
malises z, Zj=[Zj-i, , Zj^], ou i est un nombre entier 

se situant dans la plage de 1 a N ; 

developperle vecteurde ponderation non normalise 

Wj = Wjf^, chacun desdits poids a I'lnterieur 



(201) ; et 

un evaluateur destine a determiner une evalua- 
tion d'une matrice de covariance d'interf erences 
pour une voie aval etant regue par ledit 
recepteur ; 

ledit recepteur etant CARACTERISE en ce que 

des moyens sont destines a transmettre (21 1) des 
informations destinees a etre utilisees par un emet- 
teur dans les signaux de ponderation fournis a N 
antennes de transmission dudit emetteur, lesdites 
informations etant fonction de ladite matrice de co- 
variance d'interferences. 

15 18. Recepteur selon la revendication 17, dans lequel 
lesdites informations sont ladite matrice de covarian- 
ce d'interferences. 

1 9. Recepteur selon la revendication 1 7 comprenant en 
outre un evaluateur (207) destine a determiner une 
evaluation d'une reponse de la voie pour une voie 
aval regue par ledit recepteur, dans lequel lesdites 
informations incluent ladite evaluation d'une repon- 
se de la voie pour une voie aval et ladite matrice de 
e d'interferences. 



etant 



ou j est un nombre entier se situant 



dans la plage de 1 au N. 

16. Emetteur selon la revendication 10, dans lequel ledit 
emetteur et ledit recepteur communiquent a I'aide 
d'un multiplexage par repartition dans le temps TDD 
et lesdits poids sont determines dans ledit emetteur 
a I'aide d'une evaluation de la reponse de la voie 
aval qui est determinee par un recepteur de ladite 
liaison inverse pour ledit emetteur. 

17. Recepteur destine a etre utilise dans un systeme 
Ml MO, comprenant : 

L antennes (201) ; 

L convertisseurs a frequence descendante 



20. Recepteur selon la revendication 1 7 comprenant en 
outre : 

un evaluateur (207) destine a determiner une 
evaluation d'une matrice de covariance d'inter- 
ferences pour une voie aval regue par ledit re- 
cepteur, et 

un calculateur de poids (209) destine a calculer 
des poids destines a etre utilises par un emet- 
teur de ladite voie aval pour transmettre les 
sous-flots de donnees audit recepteur en fonc- 
tion de ladite evaluation d'une matrice de cova- 
riance d'interferences pour une voie aval regue 
par ledit recepteur et ladite evaluation d'une re- 
ponse de la voie pour une voie aval regue par 
ledit recepteur ; 

dans lequel lesdites informations sont lesdits poids. 

21. Recepteur selon la revendication 20, dans lequel 
lesdits poids sont determines dans ledit calculateur 
en 

resolvant une equation de matrice ht (i^H = U'A^U 



H est une matrice de reponse de la voie, 
H+ est une transposee conjuguee de ladite ma- 
trice de reponse de la voie H, 
KN est la matrice de covariance d'interferences, 
U est une matrice unitaire, dont chaque colonne 
est un vecteur propre de rf(KN)H, 
A est une matrice diagonale definie sous la for- 
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me A= dlag(ki,...,X'^, ou A,' A.'Wsont chacun 

desvaleurs propresde H*(K'^)H, M etantle nom- 
bre maximum de valeurs propres differentes de 
zero, qui correspond au nombre desdits signaux 
independants, et 

est iatransposee conjuguee de la matrice U ; 
repartissant iesdites vaieurs propres X en fonc- 
tion d'un « niveau d'eau » en resoivant ies equa- 
tions simuitanees 



A' =(v- 



pour V, ou : 



l< est un indice de nombre entier qui se situe 
dans ia piage de 1 a iVI, 20 
P est la puissance transmise, 
+ est un operateur qui renvoie zero 0 quand 
son argument est negatif, et renvoie ['argu- 
ment lui-meme quand 11 est positif, et 
chaque X est una variable intermediaire re- 25 
presentatlve d'une puissance pour chaque 
vecteur de ponderatlon ; 



deflnlssant la matrice * sous la forme ^ = IJ 
(^',...X'^)U , ou diag indlque que Ies differents 30 
X sont agences comme Ies elements de la dia- 
gonale principale de la matrice <1) ; 

dans lequel chaque colonne de la matrice O est uti- 
llsee comme un vecteur de ponderation normalise 35 
Indlque par <I> = [z, Z/^ et lesdits vecteurs de pon- 
deration normalises sont constitues de differents 

poids normalises z, z,= [z,; Z/jy,], ou 1 est un nombre 

entier se situant dans la plage de 1 a N. 
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